(3-Lactamase from strains of Bacteroides melaninogenicus and Bacteroides oralis hydrolyzed pericillin more rapidly than ampicillin or carbenicillin. Cephalothin and a chromogenic cephalosporin (87/312) were also hydrolyzed by the enzyme. Activity was found only in (8-lactam-resistant strains, but there was considerable variation in activity among strains having the same minimal inhibitory concentrations of antibiotic. ,B-Lactamase activity was cell bound and appeared to be tightly associated with the cell envelope since detergents were required to elute this activity.
Bacteroides melaninogenicus and B. oralis are components of the normal flora of the human upper respiratory tract and are frequently isolated from infections of that area. In the past, these species have been considered to be susceptible to 8-lactam antibiotics, with resistance occuring in about 10% of the strains tested (5, 10) . However, in a current survey, 40% of all clinical isolates of these species were resistant to penicillin (P. Murray and J. Rosenblatt, private communication).
Hydrolysis of penicillin and ampicillin by a strain of B. oralis was first demonstrated by Pinkus et al. (8) . Recently, Hackman and Wilkins reported penicillinase activity by penicillin-resistant strains of both B. melaninogenicus and B. oralis (3) . Since these strains are also resistant to other f-lactam antibiotics, we determined the ability of 13-lactamases from these organisms to hydrolyze ampicillin, carbenicillin, and cephalothin. We also investigated the cellular location of the enzyme activity.
MATERIALS AND METHODS
Source of bacterial strains. Two strains of B. melaninogenicus were obtained from V. L. Sutter, Wadsworth Hospital, Los Angeles, Calif.: WAL 2721 (VPI 9465B) and WAL 2784 (VPI 9466). All other strains were obtained from the culture collection of the Anaerobe Laboratory, Virginia Polytechnic Institute and State University (VPI), Blacksburg, Va. Identifications were made according to previously published procedures (4) .
MIC determinations. Except for strains ofB. melaninogenicus subsp. asaccharolyticus, minimal inhibitory concentrations (MICs) were determined by using an agar dilution technique (12) with brucella blood agar plates. All manipulations were carried out in an anaerobic chamber (Coy Manufacturing Co., St. Louis, Mo.), with an atmosphere of 85% nitrogen, 10% hydrogen, and 5% carbon dioxide. Since strains ofB. melaninogenicus subsp. asaccharolyticus did not grow well on the brucella blood agar plates, MICs for these strains were determined by using a broth dilution method (13) with choppedmeat broth (4) substituted for brain heart infusion broth.
Source of antibiotics. Benzylpenicillin, potassium salt, was obtained from Sigma Chemical Co. (Indianapolis, Ind.). The chromogenic cephalosporin 87/312 was a gift from C. O'Callaghan (Glaxo Research Inc., Middlesex, England).
Preparation of cells. For determinations of (3-lactamase in whole cells, 16-h cultures in 100 ml of Trypticase-yeast extract-glucose (TYG) medium (4) were harvested by centrifugation at 10,800 x g for 15 min at 4°C and then washed twice in 0.1 M potassium phosphate buffer (pH 5.9). Cells were resuspended in 10 ml of buffer, and the concentration of cells was determined by measuring optical density and comparing with a standard curve. The standard curve (optical density versus concentration of cells) was obtained using a B. melaninogenicus strain. Since standard curves for most Bacteroides species have the same slope, this standard curve was used for all strains tested. The final cell suspension had an optical density of approximately 10 . Portions (0.1 ml) were assayed for enzyme activity.
Whole cells that had been washed and resuspended in buffer were mechanically disrupted by shaking aerobically with glass beads in a Bronwill cell disintegrator (Bronwill Scientific Inc., Rochester, N.Y.) for 3 min. Glass beads were allowed to settle and the lysed cell suspension was decanted. The lysed cell suspension was then centrifuged at 20,000 x g for 30 min at 4°C. The supernatant was saved and the pellet was resuspended in 10 ml of buffer. Both the supernatant and pellet were assayed for enzyme activity.
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Adsorption of enzyme to the glass beads used for breaking cells was estimated by adding 2-g glass beads to 5 ml of lysed cell suspension and mixing for 1 to 2 min. Enzyme activity after mixing was compared with enzyme activity before the addition of the glass beads. Approximately 10% of the activity was removed by adsorption to glass beads.
To determine the effect of growth phase on activity, cells growing in TYG medium were harvested at 4-h intervals after inoculation and prepared for assay as described above. Four strains (VPI 7795, VPI 9465B, VPI 9466, and VPI 9611) were tested.
18-Lactamase assays. /8-Lactamase activity was determined using the microiodometric method of Sykes and Nordstrom (9) with penicillin, ampicillin, carbenicillin or cephalothin as the substrate. Cephalosporinase activity was also determined by using the chromogenic cephalosporin method of O'Callaghan et al. (7) To determine whether the different rates of hydrolysis obtained using the microiodometric method might be due, in part, to conditions ofthe iodometric assay (e.g., the presence of iodine), the hydrolysis of penicillin, ampicillin, and carbenicillin was also followed by using the thin-layer chromatographic method of Pinkus et al. (8) . Washed whole cells were added to phosphate buffer (pH 7.0) containing 1 mg of antibiotic per ml. At 30-min intervals, 10-,ul portions were spotted on silica gel plates and developed in ethanol-water (79:21, vol/vol). Spots were visualized using starch-iodine reagent (8) . Rf values were as follows: penicillin, 0.8; penicilloic acid, 0.4; carbenicillin, 0.6; carbenicilloic acid, 0.3; ampicillin, 0.7; ampicilloic acid, 0.3. The amount of time required to hydrolyze 100%o of the antibiotic was estimated and compared with that predicted by the rate obtained using the iodometric method.
Spheroplast formation. To determine whether cell-bound activity was in the periplasmic space, spheroplasts were made from washed whole cells The different rates of hydrolysis ofpenicillin, ampicillin, and carbenicillin obtained by using the iodometric test were confirmed qualitatively by the thin-layer chromatographic method. When hydrolysis ofpenicillin, carbenicillin, and ampicillin was followed by using chromatography of the hydrolysis products, the conversion of penicillin to penicilloic acid by strains of B. melaninogenicus (B. melaninogenicus subsp. intermedius and B. melaninogenicus subsp. melaninogenicus) and B. oralis was completed in less than one-fourth the time required for the conversion of carbenicillin and ampicillin. Under these conditions, hydrolysis of all three antibiotics by strains ofB. melaninogenicus subsp. asaccharolyticus occurred within the same time period. Since the qualitative results of the thin-layer chromatographic method agreed with the relative rates ofhydrolysis obtained by the iodometric method, it appears that differences in activities on different substrates were not due to the special condiANTIMIcROB. AGENTS CHEMOTHER.
tions of the iodometric assay, such as the presence of iodine.
Cephalosporinase activity, determined by using the chromogenic cephalosporin method, was at least 10-fold higher than activity obtained using the iodometric method with cephalothin as a substrate (Table 2) . However, relative rates of cephalosporin hydrolysis by the different strains were the same with both methods.
Using In some cases, mechanical disruption of the cells increased activity. In Table 3 , the percent increase in activity due to lysis is given for those strains in which such a difference occurred. No decrease in activity with lysis was observed in any of the strains tested. When lysed cell suspensions were centrifuged for 30 min at 20,000 x g, activity was found only in the pellet (cell envelope fraction). Except in the case of VPI 9465B, in which 3 to 10% of the activity appeared in the supernatant, no activity was detected in the supematant. Enzymne activity could be extracted from the pellet with 2% Triton X-100 and 10% taurocholate but not with 1 M NaCl. Enzyme activity was lost when sodium dodecyl sulfate was added to the lysed cell suspension.
Treatment of cells with ethylenediaminetetraacetate-lysozyme resulted in the conversion of nearly all ofthe cells to spheroplasts. Spheroplast formation released 7 to 12% of the enzyme activity into the medium. Whereas the enzymes from B. melaninogenicus and B. oralis were generally more active against penicillin than ampicillin, carbenicillin, or cephalothin, /8-lactamase from B. fragilis has been reported to be more active on cephalosporins than on penicillins (2, 11) . A ,8-lactamase from B. clostridiiformis was found to be active primarily on penicillin and ampicillin but not on carbenicillin and cephalosporins (11) . Moreover, previous exposure to penicillin increased the activity of B. clostridiiformis, whereas previous exposure of B. fragilis, B. melaninogenicus, and B. oralis strains to penicillin did not increase f3-lactamase activity.
/3-Lactamases have now been found in resistant strains from a number of species of gramnegative bacteria. However, resistance to 3-lactam antibiotics is not always correlated with high /3-lactamase activities, and there is still some question about the true role of these enzymes (6) . In the case of B. melaninogenicus, B. oralis, and B. fragilis, strains with similar patterns of resistance to (3-lactam antibiotics produce f3-lactamases that differ considerably in levels of activity and substrate specificity. Further work is needed to determine the significance of 3-lactamase and the possible contribution ofother mechanisms to penicillin and cephalosporin resistance in these Bacteroides species.
